Assuming eddy kinetic energy is equally partitioned between the barotropic mode 4 and the first baroclinic mode and using the weekly TOPEX/ERS merged data for 5 the period of 1993~2007, the mean eddy kinetic energy and eddy available 6 gravitational potential energy in the world oceans are estimated at 0.157 EJ and 7 0.224 EJ; the annual mean generation/dissipation rate of eddy kinetic energy and 8 available gravitational potential energy in the world oceans is estimated at 0.203 9 TW. Scaling and data analysis indicate that eddy available gravitational potential 10 energy and its generation/dissipation rate are larger than those of eddy kinetic 11 energy. 12 High rate of eddy energy generation/dissipation is primarily concentrated in eddy- 13 rich regions, such as the Antarctic Circumpolar Current and the western boundary 14 current extensions. Outside of these regimes of intense current, the energy 15 generation/dissipation rate is 2 to 4 orders of magnitude lower than the peak 16 values; however, along the eastern boundaries and in the region where 17 complicated topography and current interact the eddy energy 18 generation/dissipation rate is several times larger than those in background. analysis indicates that eddy kinetic energy (EKE) is two orders of magnitude 5 larger than the mean flow kinetic energy, and eddy available potential energy is 6 one order of magnitude larger than eddy kinetic energy (Gill et al. 1974; Huang 7 2010). Satellite altimetry data analysis indicates that at least on the sea surface of 8 the subtropical gyres, EKE is indeed about 100 times larger than the mean flow 9 kinetic energy; however, this ratio is reduced to approximately 10 in most part of 10 the Antarctic Circumpolar Current (ACC) (Wunsch 2007 Plate 6). EKE is most 11 contained in the form of geostrophic (or mesoscale) eddies on scales of 50 to 100 12 km and time scale of 10~100 days; these eddies dominate the oceanic kinetic 13 energy at sub-inertial frequencies at mid-and high-latitudes (Ferrari and Wunsch 14 2009).However, it is clear that at this time we have no reliable theory and data for 15 eddy energy generation/dissipation rate in the world oceans. Since this is a 16 critically important component of the global energy budget, a clear dynamical 17 picture and a detailed balance are most desirable. Hence, we postulate a method to 18 combine altimetry data with a hydrographic climatology; this method can provide 19 useful information about the size of eddy-related energy reservoirs, including 20 potential and kinetic energy, in the world ocean, and the associated conversion 21 rates. 22 It has been long recognized that mesoscale eddies play important roles in the 23 energetics of the global oceans. In the 1970s, the first international field program 24 POLYMODE aimed at observing mesoscale eddies in the oceans was organized 25 (Gould et al. 1974 technique and accumulation of data, more precise pictures of the spatial structure 7 and temporal evolution of the eddy field are immerging. 8 Most previous studies have been primarily focused on EKE, often calculated 9 as half of the squared geostrophic velocity. In a stratified fluid, both the kinetic 10 energy and available gravitational potential energy (AGPE) are important. Scaling 11 indicates that most of the eddy energy may be stored in the form of eddy available 12 gravitational potential energy (EAGPE), which is defined as the difference in 13 gravitational potential energy between a reference state and the physical state 14 associated with an eddy. However, this aspect of eddy energetics has not received 15 much due attention. 16 As discussed in Feng et al. (2006) , the AGPE is very sensitive to the choice 17 of the reference state. For a person walking on a flat land, his AGPE seems rather 18 small. However, when he sees a deep well by the road side, he realizes that his 19 AGPE can be huge in comparing with the bottom of the well. Early studies of 20 basin-scale AGPE by Oort et al. (1994) was based on a reference state obtained by 21 horizontally averaging the global stratification. Such a formulation is, however, 22 not suitable for the study of basin-scale circulation. A more suitable definition 23 derived from the original definition of available potential energy should be used, 24 and a computational algorithm including the compressibility of seawater and 25 realistic topography was developed by Huang (2005 Huang ( , 2010 in the oceans, implying that baroclinic instability could be the major mechanism 5 and energy source supporting these regimes of high EAGPE. In the present study, 6 we use a two-layer model to study the structure of an eddy; the reference state is 7 defined as the state with no free surface elevation caused by eddy. The appropriate 8 EAGPE algorithm can be derived from such a simple layer model. 
20
The other source of eddy has been identified as the instability in the oceans, 21 including both baroclinic and barotropic instability. These dynamical processes 22 have been studied extensively and summarized in textbooks, Pedlosky (1987 dissipation rates by quadratic bottom boundary layer drag at 0.14 to 0.65 TW.
13
Although these studies seem to give a rather high upper limit for the rate of eddy 14 energy dissipation through bottom friction, it is questionable whether bottom 15 friction can take up such a large portion of the total eddy energy. 16 Although the eddy-related energy and conversion rates are critically 17 important, progress in diagnosis based on observation data has been rather slow. 18 Satellite altimetry data is the most powerful tool currently available in collecting 19 synoptic data of eddy-related sea surface height anomaly on global scale. In order 20 to incorporate the vertical structure of eddies, the simplest approach is to use a 21 two-layer model to infer the baroclinic structure of eddies. Thus, our study is 22 focused on the diagnosis of eddy energy generation/dissipation rates based on 23 reliable merged satellite altimetry data and an equivalent two-layer model.
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In 
14
The total geostrophic kinetic energy of each eddy is and assume that the eddy energy is partitioned as follows
...
9
In this study our focus is on the first two terms only; accordingly, the SSHA 10 signals are separated into two parts 16 For each grid, the vertically integrated kinetic energy is 17 ( ) 
22
The available gravitational potential energy associated with the barotropic mode is 1 much smaller than the corresponding kinetic energy, thus can be omitted; the 2 available gravitational potential energy for an eddy is
4
On the sea surface, the percentage of the kinetic energy associated with the 5 first baroclinic mode and the barotropic mode is
It is clear that c may be a function of space and time; however, as a first step in 8 reveal the eddy energetics, we will assume c=0.5 is a global constant, i.e., the 9 water-column integrated kinetic energy is equally-partitioned between the 10 barotropic mode and the first baroclinic mode; thus, we have
12 Thus, the surface kinetic energy is mostly associated with the first baroclinic 13 mode, as discussed by Wunsch (1997) . In the following discussion, we will 14 present results based on the case with c=0.5, unless stated otherwise. 
The data 17
The weekly TOPEX/ERS merged data over period 1993 ~ 2007 were used in 18 our analysis. We used the data covers the latitude band from 60°S to 60°N with a 19 horizontal average resolution of 0.333° × 0.265°. Since errors of altimeter data are 20 larger near the boundary, the sea surface height anomaly (SSHA) data over 21 regimes with depth shallower than 200 meters are abandoned. Many issues related 22 to the quality and utility of this data set have been discussed in previous studies, Phil Morgan, CMR). 
Identifying and tracking mesoscale eddies 8
Eddy-like character of variability (time scales of 100 day and space scales of 9 100 km) can be identified from SSHA as follows. First, the SSHA fields were 10 zonally high-pass filtered to remove large-scale heating and cooling effects 11 (Chelton and Schlax, 1996) . The resulting anomaly fields were high-pass filtered Two criteria applied to identify eddies. 1) A closed contour of SSHA = ±5 cm; 19 2) the zonal and longitudinal spread of the area enclosed by SSHA contour are 20 both at least 0.5°. The central location of the eddy is defined as the centroid of 21 area within the closed SSHA contour. Since f approaches zero near the equator, 22 the eddy calculation is limited to 5° off the equator. 23 Eddies are tracked from SSHA fields at consequent time steps as follows. If 24 an eddy center at next step is located within a circle centralized at the center of an 25 eddy at the previous time step, these two eddies are considered as the same eddy 26 at these two time steps. To avoid jumping from one track to another, the radius of 1 the circle is restricted to 1° of latitude. 2 Comparing eddy characteristics in our analysis with results from Chelton et al. Eddies are mainly concentrated in the vicinity of the major current systems. eddy, we extrapolate this life of eddy to define the beginning and end of the eddy. 8 Eddy energy was first calculated in non-uniform grid points, and it was converted 9 into a 1° × 1° grid data set. The 15-year mean of sources/sinks at those grid points 10 is thus computed (see detail in Appendix C). However, the difference in the equatorial band does not really affect our 16 calculation in this study because the equatorial band turns out to be a zone of low 17 eddy activity within our approach, as discussed above. following analysis, we will use the equivalent interfacial depth and the density 5 step inferred from the EQ-model, unless specifically stated otherwise. 
The total EKE and EAGPE 7
We begin with the diagnosing AGPE and EKE from satellite data. The theory and numerical models may be due to the rather low spatial and horizontal 5 resolutions used in collecting satellite data and the smoothing used in merging and 6 analyzing the satellite data. (Table 4) . Accordingly, for the EQ-model the EKE generation rate of cyclonic 11 eddies is slightly lower than that of anticyclonic eddies. However, the EAGPE 12 generation rate of cyclonic eddies is slightly higher than that of anticyclonic 13 eddies. Further, like the ratio of EAGPE/EKE in Fig. 5 , the ratio of cyclonic 14 EAGPE generation rates over EKE generation rates is shown in Fig. 8 lower panel.
15
For the global sums, in the EQ-model the EAGPE generation rate is about 1.3 16 times larger than that of EKE (Table 4) .
17
As a comparison, we also include the results diagnosed from the TH-model 18 (See it in Appendix D). We believe that the results obtained from the EQ-model 19 are more reliable, and thus our discussion in this paper is based on this model. 20 5 Summary and conclusion The estimates of EKE and EAGPE reported in this study are much smaller 8 than those obtained from theory and numerical simulations. In particular, EKE is 9 at least 10 times smaller than the values based on theory and numerical simulation. Although, a few estimates of eddy-related energy and conversion rates were 5 reported in the literature, but they were poorly constrained, and not always 6 consistent between each others. In particular, there were no estimates of EAGPE 7 based on satellite observations. We postulated a theoretical framework of the 8 calculation of EAGPE based on satellite SSHA observations. Thus, we believe 9 that our estimates set a set of consistent lower bounds for the eddy energetics in 10 the world oceans based on satellite observations.
11
One of the major uncertainties in our analysis is the working assumption that 12 EKE is equally participated between the barotropic mode and the first baroclinic (Table 1, Table 3   9 and Table 4 ). 10 Our results suggest that most of eddy energy dissipation takes place in the However, in our calculation, the exact expression (4) for our 2-layer 6 approximation of the stratification is used.
7
The AGPE for a two-layer model can be calculated as follows. Assume the The corresponding terms after adjustment have similar expressions, 
Thus, the ratio of these two types of energy for an eddy is Flierl (1978) . The normal modes can be defined as the 22 following eigen value/function problem: will adapt the standard formulation for normal mode presented by Flierl (1978) . 10 Accordingly, the equivalent interface depth and the equivalent density step are 11 ( )
1 0 
11
The location of , 1 i i de + is in the middle of these two positions.
12
Gridded energy variation data set was required, so the 1° × 1° grid was 13 chosen here. Suppose we have four grid points: (i,j), (i+1,j),(i,j+1),(i+1,j+1), the 14 contributions to four grid points were calculated by the method of weighting. We 15 assume there is a point source de locates (m,n) with a non-dimensional position 16 (X,Y) within this grid net, X=m-i, Y=n-j. Thus, contribution of this source to the 17 grid points at the four comers is: 
